ABSTRACT. Paulownia kawakamii is a fast-growing timber tree. In this study, 21 primer sets were developed using an enriched genomic library. The genetic diversity was measured in one P. kawakamii population. The number of alleles per locus ranged from 2 to 19. The observed and expected heterozygosities varied from 0.158 to 0.842 (mean = 0.421) and from 0.376 to 0.952 (mean = 0.771), respectively. All 21 loci were also polymorphic in closely related species (P. tomentosa, P. elongata, and P. fortunei). The described markers will be useful in future population genetic studies and molecular breeding of these Paulownia species.
INTRODUCTION
Paulownia Sieb. et Zucc. is an economically important genus in the family Scrophulariaceae, with nine species of fast-growing timber trees (Yaycili and Alikamanoglu, 2005) . Paulownia, which is native to China, has been introduced in Japan, Australia, Brazil, Europe, and USA. Its wood is strong and light in weight, and it is thus widely used for making furniture, aircraft, plywood, toys, and musical instruments (Ipekci and Gozukirmizi, 2003) . Paulownia species are attractive trees, with large flowers and colors ranging from white to purple, and are also cultivated as ornamental trees (Yang et al., 1996) . Its tolerance to drought and soil extremes makes it important commercially for use in reclamation of surface-mined land (Zhu et al., 1986) . As a forestry tree, Paulownia kawakamii Ito is planted widely in southern China.
It is well known that simple sequence repeat (SSR) markers are powerful tools for population genetics investigations (Chun et al., 2010; An et al., 2011; Shepherd and Perrie, 2011; Guo et al., 2012) . Microsatellite markers are unique in their abundant and random distribution throughout the eukaryotic genome. Here, we report the development of 21 microsatellite markers for P. kawakamii and apply them to other Paulownia species, including P. tomentosa (Thunb.) Steud., P. elongata S.Y. Hu, and P. fortunei (Seem.) Hemsl. These loci will be important for further analyzing the population genetics and evolutionary history, as well as facilitating molecular breeding of P. kawakamii and its related species.
MATERIAL AND METHODS
Genomic DNA (30 μg) was extracted from silica gel-dried leaves of a single individual of P. kawakamii using the modified CTAB method (Wang et al., 2011) and digested with RsaI and XmnI enzymes. The digested DNA was linked to forward (5ꞌ-GTTTAAGGCCTAGCTAGCAGA ATC-3ꞌ) and reverse (5ꞌ-pGATTCTGCTAGCTAGGCCTTAAACAAAA-3ꞌ) adapters using 2 units of T4 DNA ligase. After incubation for 16 h at 16°C, the fragments were separated by 2% agarose gel electrophoresis. DNA fragments with lengths between 400 and 1000 bp were recovered using the Qiaquick Gel Extraction Kit (Qiagen, Shanghai, China). Individual fragments were hybridized with three kinds of biotin-labeled probes (New England Biolabs Ltd, Beijing, China): (AC) 8 , (AG) 18 , and (ATG) 12 . After recovery with streptavidin-coated magnetic beads, fragments were ligated into the pMD 18-T vector (TaKaRa, Dalian, China), and then transformed into Escherichia coli strain DH5α. We screened the positive clones by PCR amplification using M13F and M13R primers. Finally, 128 positive clones were selected and sequenced on an ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA, USA); 84 of these clones (approximately 67%) contained SSRs.
PCR primers were designed for 36 sequences that had a flanking region of adequate size for the design of forward and reverse primers, using the program Primer Premier version 5.0 (http://www.premierbiosoft.com). These primers were tested in 10 individuals from four Paulownia species. PCR was performed in of a solution (15 μL) containing approximately 75 ng genomic DNA, 10 µM each primer, and 1X PCR Mix (Tiangen Biotech, Beijing, China). Microsatellites were amplified under the following conditions: 5 min initial denaturation at 95°C; 36 cycles of 30 s at 94°C, 30 s at 51.1 to 57.3°C (Table 1) , and 1 min at 72°C; and a final extension at 72°C for 10 min. The products were analyzed on 2.0% agarose gels. Finally, only 21 primer pairs ( Table 1) that amplified a clear and single locus were selected, and the forward primer was labeled with one of the fluorescent dyes (FAM or HEX) to detect polymorphisms.
Polymorphisms of all of the primer pairs were then surveyed in 48 individuals collected from four Paulownia species: P. kawakamii (N = 19, one population, 25°37.645N, 109°54.705E), P. elongata (N = 19, one population, 34°52.317N, 113°35.560E), P. tomentosa (N = 5, one populations, 34°47.335N, 113°39.729E), and P. fortunei (N = 5, one population, 34°47.356N, 113°39.718E). The number of alleles per locus (N A ), the observed and expected heterozygosities (H O and H E ), and the deviation from Hardy-Weinberg equilibrium (HWE) were analyzed using the computer program package Arlequin version 3.1 (Excoffier et al., 2005) .
RESULTS AND DISCUSSION
We produced 21 polymorphic microsatellite loci that produced clear and reliable bands, and individual loci were assessed in 48 plant samples. Twenty-one loci were successfully amplified for all samples drawn from the four Paulownia species (Table  2 ). The number of alleles per locus ranged from 2 to 19 and 3 to 20, respectively, for P. kawakamii and P. elongata. The estimated average heterozygosity value of the microsatellite loci was high; values of 0.421 (0.15 to 0.842) (H O ) and 0.771 (0.376 to 0.952) (H E ) were found in the P. kawakamii population, and 0.519 (0 to 0.947) and 0.812 (0.653 to 0.957) in the P. elongata population. The exact tests for HWE revealed that 16 of the 21 microsatellites showed significant deviation from HWE (P < 0.05) within the P. kawakamii population. The reason for this may be that the small population and the significantly high frequency of asexual reproduction maintained the homozygotes (Lee et al., 2012) . The 21 microsatellite markers developed in this work are suitable for further molecular breeding and genetic studies of P. kawakamii. Cross-amplification of these loci in related species suggests that they may be broadly applicable across the genus Paulownia.
